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Th© present invention relates to- a method for early detection 
and/ or monitoring of a cancer in an individual. 

A significant factor affecting the long term survival of cancer 
5 patients is the stage at which the cancer is detected. Early 
detection facilitates rapid and complete removal of any 
malignancy before metastasis occurs and correlates well with 
increased cure rate and long-term survival. 

10 Furthermore, if a cancer is detected, an early detection of the 
spread of cancer, the reoccurrence of cancer after treatment as 
well as the response to treatment , is crucial to the survival 
of cancer patients. 

15 The best method of early detection is routine screening of 
those considered to be at risk. For example, visualisation of 
pre- cancerous cervical cells (smear test) is an early indicator - 
of potential cervical cancer in women. In men. elevated levels 
of prostate specific antigen (PSA) is a possible indication of 

20 prostate cancer* 

Existing detection methods have been met with variable success. 
They may be too expensive and/or unreliable to be widely used* 
In any case, for many cancers, there is no practical detection 
25 method available. The problem is compounded by the fact that 
certain cancers, e.g. gastric and colorectal cancers, exhibit 
symptoms consistent with much more common non-malignant 
pathologies, making them difficult to diagnose at an early 
stage . 

30 

Currently, the only way of diagnosing colorectal cancer is to 
carry out a coloscopy, which is impractical as a detection 
* technique for general applicability. 

35* The positive correlation between tumour cell aggressiveness and 
matrix metalloproteinases (MMPs) expression has been well 
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documented, mmps are a group of zinc-binding endopeptidases 
involved in connective tissue matrix remodelling and 
degradation of the extracellular matrix (ECM) , and are an 
essential step in tumor invasion, angiogenesis, and metastasis 
5 (reviewed by Aznavoorian et al, 1993) . 

However, matrix metalloproteinase enzyme activity is highly 
regulated. Regulation occurs at multiple levels, including 
modulation of MMP gene expression, extracellular activation of 
10 the pro-enzyme and inhibition of activation and enzymes 
activity by association with tissue inhibitors of 
metalloproteinase (TIMPS) (Matrisian, 1990), (Mauviel, 1993), 
(Birkedal-Hansen, 1993) • 

15 TIMPs form irreversible stoichiometric complexes with both 
latent and active MMP's (Welgus et al, 1985; Kleiner et ai, 
1993), thereby inhibiting the catalytic activity of these 
enzymes (Stetler- Steven son et al, 1996; Goldberg et al. 1992; 
Birkedal-Hansen et al, 1993) . 

20 

TIMPs represent a family of ubiquitous proteins. There have at 
present been identified several members of the TIMP family, 
however it has been found that TIMP-1 and TIMP- 2 are capable of 
inhibiting tumour growth, invasion, and metastasis (Liotta. et 
25 aJ- , 1991 and Khokha et al., 1989). 

Earlier studies have shown that TIMP-1 is a high sensitive 
screening marker for identifying patients with a high risk of 
having colorectal cancer in plasma samples, (Hoi ten-Andersen et 
30 al., 1999 and Hoi ten-Andersen et al. 2002). 

a method using this information is disclosed in WOOO/62070, the 
complete disclosure of which is incorporated herein by 
reference for all purposes. In said reference it has been found 
35 that individuals can be screened for colorectal cancer by 
measuring the TIMP-1 concentration in plasma samples. 
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However, the method has the drawback that a blood sample must 
be drawn for each individual. This can be extremely expensive 
when detecting and monitoring cancers in large populations and 
5 in some cases even impossible e.g. in the developing countries. 

Furthermore, trained staff must draw blood sanples, and 
particular care must be taken with the samples, as there is a 
high prevalence of hepatitis B and the human immunodeficiency 
10 virus (HIV) infections in some populations, e.g. in drug 
addicts. 

There is therefore a long felt need for a method for detecting 
and monitoring cancers, which is applicable for large 
IS populations without the need to use blood samples. 

Thus, it is one object of the invention to provide a screening 
method, which is. suitable to facilitate the early diagndsis of 
a cancer without the need to use blood samples. 



20 



25 



30 



It is another object of the invention to provide a method for 
monitoring the recurrence of a cancer, status of a cancer or 
the effect of cancer treatment in an individual, without the 
need to use a blood sample. 

It is third object of the invention to provide a device for 
performing the method according to the invention, having a 
simple and inexpensive design, is quick and easy to use and do 
not require use of specialist equipment. 

•This is achieved according to the inventions as the inventors 
of the present invention surprisingly have found that the TIMP- 
1 can be detected in animal and human excreta, such as saliva, 
urine, stool and perspiration. 
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As a non-invasive technique- the collection and analysis of the 
excreta would appear to be particularly attractive for a high- 
risk patient population where the routine collection of blood 
is often made difficult because of bruised or thrombosed veins. 

in addition, this would be beneficial to both the patient 
(blood sampling would be reduced) and to those who handle 
patient samples (clinic and laboratory staff) e.g. because 
saliva can inhibit HIV infectivity (Wolff and Hay. 1991) . 

The traditional biological samples for the qualitative and 
quantitative measurement of most substances such as proteins, 
are blood and plasma. Many substances and their metabolites are 
present in different concentrations in these media. Blood or 
plasma provides an estimate of the current circulating 
concentration of the substance of interest. 

Saliva supplies enzymes for digestion. These enzymes and other 
proteins. including saliva-specific glycoproteins. ' are 
synthesized by the acinar cells. The transport of proteins into 
saliva has been reviewed by Young (1979). Almost all of the 
organic compounds of plasma, such as hormones, 
immunologlobulines. enzymes, proteins. DMA and viruses may be 
detected in saliva in trace amounts (Vining and McGinley. 
1985) . 

The total protein concentration in saliva is negligible because 
this concentration is less than 1% of that in plasma (Breimer 
and Danhof . 1980) and it is likely that a major source of these 
trace amounts originates from the gingival crevicular fluid 
(from the tooth/gum margin) (Cimasoni, 1974). Furthermore, a 
person skilled in the art would expect that the natural 
enzymes, such as proteases in the saliva, would digest these 
negligible protein concentrations 
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It is therefore very surprisingly that the inventors now have 
found that the TIMP-1 concentrations in excreta, such as 
saliva, correspond to the TIMP-1 concentrations in plasma. 

5 It is therefore possible according to the present invention to 
provide an easy and inexpensive method for early detection and 
monitoring of a cancer in an individual or large populations 
using a non-invasive technique for collection of samples. 

10 As TIMP-1 is the naturally inhibitor of MMPs it will also be 
present in excreta from healthy individuals, it U 
important to determine a discriminating value whxch dxvxdes the 
tested individuals in a group having either a high or low 
likelihood of having cancer. 

It has been found that in one embodiment of the invention is 
the total concentration of TIMP-1 measured, that is. the sum of 
the TIMP-1 in free form and .the TIMP-1 in complex forms. The 
person skilled in the art will understand that other 
20 expressions than the exact concentration can represent the 
concentration, such as. e.g.. the concentration multiplied by a 
factor, etc.. and that such other representations can be used 
equally well for the purpose of the present invention provxded 
the corresponding adjustments are made. 

" The discriminating value is established by measuring the total 
concentration of TIMP-1 in both a healthy control population 
and a population with known cancer thereby determining the 
discriminating value which identifies the cancer population 
30 with either a predetermined specificity or a predetermined 
sensitivity, based on an analysis of the relation between the 
concentration values and the known clinical data of the healthy 
control population and the cancer patient population. 

35 The discriminating value determined in this manner is valid for 
- the same experimental set-up in future individual tests. 
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Specificity is defined as the proportion of positives i.e. 
individuals having a concentration of TlMP-1 in excreta samples 
higher than a predefined diagnostic level. 

Sensitivity is defined as the proportion of negatives i.e. 
individuals having a parameter representing the concentration 
of TIMP-l in excreta samples lower than a predefined diagnostic 
level . 

The method according to the invention can equally well be used 
for monitoring the response to treatment and the progress of 
the cancer as rising TIMP-l values may suggest that a patient 
could have a negative development of the cancer. In such cases 
is the discriminating value set specific for each individual. 

Studies have shown that an increase in detection and monitoring 
value can be obtained when combining the concentration of- total 
TIMP-l and the concentration of free TIMP-l, thereby providing 
20. a highly selective and sensitive method for detecting and 
monitoring an individual for cancer. 

Such cancers could e.g. breast, prostate, colorectal, cervical, 
ovarian, pulmonalis, pancreatic, renal, vulvar, and hepatoma 
25 cancer. 

in order to improve the sensitivity of the method according to 
the invention, an additional marker can optionally be employed. 
Said marker is preferably Carcino Embryonic Antigen (CEA) , 
30 which is a substance, which is normally found only during 
foetal development, but may reappear in adults who develop 
certain types of cancer. primarily cancer of the 
gastrointestinal system. 

35 preferably can logistic regression analysis be used when 
- combining either the concentration of total TIMP-l and the 
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concentration of free TIMP-1 combination or toe combination of 
concentrations of CEA and timp-1. 

Data has shown that by adding CB& as the additional marker, an 
S improvement in the sensitivity of total TIMP-1 can be obtained, 
while maintaining a very high specificity. 

Thus, the combination of concentrations of CEA and TIMP-1 could 
be useful in a method for identifying patients with a high rxsk 
10 of having cancer. 

The method according to the invention may be used both for an 
individual and for an entire population, but more appropriately 
to a population already identified as having an increased risk 
15 of developing cancer, e.g. individuals with , a genetxc • 
disposition, individuals who have been exposed to carcinogenic 
substances. or .individuals with cancer-predisposing non- 
malignant: diseases- 

as an example this could e.g. be individuals with a prior 
polyp, individuals with Crohn's disease or ulcerative colitis, 
individuals with one or more family members with colorectal 
cancer, or individuals with a prior resection of an early 
colorectal cancer. 

When an individual has been identified as having high TIMP-1 
levels in his or her excreta, the individual should be referred 
for further examination. If a cancer is found, the patient 
could be offered surgery, radiation or adjuvant anti -neoplastic 
30 therapy aiming at curing the patient of cancer. 
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T ^ ~* TTMP-1 concenrrf .ti onq via g£Jg& 

5 & sensitive and specific sandwich EL1SA was prepared, using 
TIMP-1 antibodies developed at the Strangeways Laboratories 
(Hembry et al. 1985) . A sheep polyclonal anti-TIMP-1 antiserum 
(Hembry er ml. 1985; Murphy et ml. 1991) was used for antigen 
capture, and a murine monoclonal anti-TIMP-1 xgOl (MAC-15) 

10 (Cooksley et al, 1990) for antigen detection. 

A rabbit anti-mouse immunoglobulin/alkaline phosphatase conju- 
gate (Catalog number 00314. Dako. Glostrup. Denmark) was the 
secondary detection reagent. The latter conjugate was supplied 
IS • preabsorbed against human XgO. thus eliminating cross- 
reactivity with IgO in the samples. 

As the monoclonal detection antibody MAC-15 recognises both 
free TIMP-1 and TIMP-1 in complex with MMP's (Cooksley et al, 
20 1990), the total TIMP-1 content captured by the sheep 
polyclonal anti-TIMP-1 antiserum was quantitated by the ELISA. 

• 

96-well microtieer plates (Maxisorp. Nunc. Roskilde. Denmark) 
were coated for 1 h at 37»C with 100 uL/well of polyclonal 

25 sheep anti-TIMP-1 (4 mg/D in 0.1 mol/L carbonate buffer, pH 
9.5. The wells were then rinsed twice with 200 uWwell of 
SuperBlockJ solution (Pierce Chemicals, Rockford, TL>) diluted 
1:1 with phosphate-buffered saline (PBS). The microtiter plates 
were stored for up to 14 days at -20»C. On the day of analysis. 

30 the plates were thawed at room temperature and washed 5 times 
in PBS containing 1 g/I» Tween. 

" A series of purified, recombinant human TIMP-1 standards were 
used to calibrate each plate. Standards were prepared by 
35 serially diluting a stock solution of purified TIMP-1. Standard 



11 

Best Available Copy 



26,^9/02 11:39 HOLME POTENT fVS - +4S 43S08201 



NR. 



012 



9 



concentrations were 5. 3. 2. 1. 0.5. 0.25. 0.1. -0 ng/ml. 
included on each plate was a blank containing only sample 
dilution buffer, and 2 controls made from a 1:100 dilution of a 
citrate plasma pool. One control was added as the first sample 
5 on the plate and the second control was added as the last. 

All samples were diluted 1:100 in sample buffer consisting of 
50 mol/r. phosphate. pH 7.2. 0.1 mol/I. Ml, 10 g/L bovine serum 
albumin (Fraction V, Boehringer-Mannheim. Penzberg. Germany), 
10 and 1 g/I» Tween 20. 

A total of 100 |U./well of each standard, blank, control, and 
patient sample was incubated on the plate for 1 h at 30«C. All 
standards, blanks, controls, and samples were run in triplicate 
-15 on each plate for every assay. 

After primary incubation, the wells were washed 5 times,- then 
• • treated for 1 h at 30°C with 100 J»I,/well of purified MAC-15 
monoclonal antibody (0.5 mg/L) in sample dilution buffer. After 
20 another 5 washes the wells were incubated for 1 h at 30«C with 
100 nWwell of rabbit anti-mouse immunoglobulins (lg> /alkaline 
phosphatase conjugate diluted 1:2000 in sample dilution buffer. 

Following 5 washes with washing solution and 3 washes with 
25 distilled water. 100 |iL of freshly made p-nitrophenyl phosphate 
(Sigma, St. I,ouis. MD> substrate solution (1.7 g/X. in 0.1 mol/T, 
Tris.HCl, pH 9.5, 0.1 mol/l. NaCl, 5 mmol/I. MgCl,) was added to 
each well. 

30 The plate was placed in a Ceres 900J plate reader (Bio-Tek 
instruments, Winooski. VP) at 23*C with the yellow colour 
' development automatically monitored. Readings were taken at 405 
rm against an air blank every 10 min. for one hour. KinetxCalc 
II software was used to analyse the data by calculating the 

35 rate of colour formation for each well (linear regression 
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analysis), generating a 4-parameter fitted standard curve, an* 
calculating the TIMP-1 concentration of each sample. 

gaUva collection _ . . , _ 

Saliva was collected from healthy donors who were instructed to 
rinse the mouth with tap water just before the collection. The 
collection duration was 5 minutes and the donor delivered in 
this period approximately five saliva samples in a 50 ml Nunc 
test tube. 

The saliva is centrifuged 5 minutes at 4000 rpm and the 
supernatant is then centrifuged at 15000 rpm for 5 minutes. 

The resulting supernatant is frozen at -20°C. until it is used, 
""^'v experiments. 

The recovery of TIMP-1 signal was measured following addition- 
of increasing concentrations of purified TIMP-l to a panel of • 
0.5% and 1% saliva pools in sample dilution buffer, followed by 
subsequent measurement of signal. 

The purified TIMP-1 was added to dilution series of the saliva 
pools to give concentrations in the range of 0 to 5 ng/ml. 

25 The recovery was in each case calculated from the slope of the 
line representing TIMP-1 signal as a function of concentration, 
where 100% recovery was defined as the slope obtained when 
TIMP-1 was diluted in sample dilution buffer. 

30 Recovery was 100.2% in 0.5% saliva and 100,9% in 1% saliva 
(Figure 1) . 

. Thus the recovery of TIMP-1 signal from an internal standard 
was excellent for all preparations of saliva, and the saliva 
35 samples all gave good linearity of signal as a function of 
dilution. 
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~f Tot-.*! r. Q nc-mit:ration in « saliva pQQl 

Sables from four healthy human donors were pooled and 39 
dilutions were assayed for total TIMP-1 concentration via ELISA 
(Figur 2). The mean TIMP-1 concentration was 72.81 ng/ml ±3.33 
with a reference range from 67.29 to 79.49 ng/ml. 

MBaBHSgmaiS r * aaeaJ WSB=2 ftOTicentratiP" in flifffigBBS dohor^ 

Samples from four healthy human donors as well as a pool of the 
samples were assayed for total TIMP-1 concentration via ELISA. 
The mean TIHP-1 concentration was 79.66 ng/ml ± 3.77 with a 
reference range from 76.96 to 83.96 ng/ml (figure 3). 

Bi amission 

The assay described above , enables, accurate determination of 
total TIMP-1 in human saliva samples. The use of a rapid 
blocking agent and a dilution buffer with high buffering 
capacity also contributed to reproducible assays, incorporating 
all these elements in the final assay fulfilled the 
requirements of sensitivity, specificity, stability, and good 
recovery of an internal standard. 

The quantitative studies in saliva from healthy donors showed 
that saliva samples are suitable for TIMP-1 determination. 

Furthermore, these studies showed that TIMP-1 levels in saliva 
(mean 72-79 ng/ml) corresponds to TIMP-1 levels in plasma (mean 
65-70 ng/ml) (see WO00/62070) . 

These data support the unique value of testing excreta when 
monitoring and detecting for an early stage cancer, e.g. 
colorectal cancer when TIMP-1 is used as a cancer marker, as 
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well as a valuable tool when monitoring the response to 
treatment and the progress of cancer. 

The invention further relates to a dipstick for measurement of 
5 the concentration of TMP-1 either alone or in combination wa.th 
CEA, in excreta. 

Such a dipstick is extremely ea B y and quick to use and each 
individual can perform the test, without the need of a 
10 professional staff or use of specialist equipment. 

individuals in certain high-risk groups, such as individuals 
having e.g. colitis ulcerosa or individuals with an earlier 
detected cancer who wants to monitor a possible reoccurrence of 
X5 the cancer, then have the possibility of screening themselves 
at any desired frequency. 

Furthermore, the dipstick can be a valuable tool as each 
individual has the opportunity to monitoring the response, to 
20 treatment and the spread of cancer without the need ■ of 
specialist equipment. 

The dipstick is preferably made of a capillary material, and 
comprises a first colour indication zone comprising antibodies 
25 specific for TIMP-1 and at least one reagent which can give an 
optically visible colour change in the zone dependent on the 
concentration of TIMP-1 in the tested excreta. 

The dipstick further comprises a second colour indication zone. 
30 able to react with at least one substance normally present in 
the excreta, and thereby providing an optically visible colour 
change in the zone for controlling that the stick is used 
properly- 

35 in another embodiment of the dipstick according to the 
- invention, the dipstick further comprises a third colour 
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indication .one, comprising antibodies specific te « and at 
least one reagent which can give an optically visible colour 
change in the zone dependent on the concentration of CEA in the 
excreta, ensuring a more reliable screening method. 

Preferably is there in combinations with the dipstick provided 
a colour reference that indicates the discrimination value for 
the specific excreta. 
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When the user examine the likelihood of having a cancer the 
dipstick is first brought into contact with the excreta bexng 
tested, e.g. the user can place the dipstick in the mouth 
thereby bringing it into contact with the patients salxva. 

After a- certain reaction period determined by the specific 
reagents on the dipstick, the user can compare the stick" with 
the colour reference scale, dividing the patient in a group 
with either high or low likelihood of having cancer. 

20 The description "has primarily described excreta from J**™*^ 
however it is within the scope of the inventxons that the 
excreta are from an animal, e.g. a dog. cat or cow. 
Furthermore, for said animals can the TIMP-1 concentration also 
be detected in other body fluids, e.g. serum plasma or blood. 

25 
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Claims 
1. 



A method for detecting and/or monitoring a cancer in an 
individual, said method comprising determining a fxrst 
s parameter represented by the concentration of TIMP-1 xn 

at least one excreta from the individual, wherexn the 
presence of the first parameter above a predetermined 
discrimination value is an indication that the 
individual has a high likelihood of either havxng a 
10 cancer or having a progress in a cancer. 

2 A method according to claim 1 wherein the cancer is 
selected from the group comprising breast, prostate, 
colorectal, cervical, ovarian, pulmonalis. pancreatic. 

15 renal, vulvar and hepatoma cancer. 

3 A method according to any of the preceding claims, : 
wherein the excreta is • selected ' from the group 
comprising saliva, urinev stool, perspiration or 

20 lachrymal, fluid. 

4. a method according to claim 1, 2 or 3, wherein the first 
parameter is the total concentration of TIMP-1. 

A method according to claim 1. 2 or 3, wherein the first 
parameter is the combination of the concentration of 
total TIMP-1 and the concentration of free TIMP-1. 

A method according to claim 5, wherein the combination 
is performed by logistic regression analysis. 

A method according to any of the preceding claims, 
wherein the discrimination value is determined by 
determining the total concentration of TIMP-1 in the 
least one excreta in both a healthy control population 
and a population with known colorectal cancer, thereby 
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determining the discriminating value which identifies 
the cancer population with a predetermined specificity 
or a predetermined sensitivity. 

5 8 . A method according to any of the preceding claims 

wherein the method further comprises determining at 
least one second parameter representing the 
concentration of a marker for colorectal cancer 
different from any form of TIMP-1. in an excreta from an 

10 individual. 

9 A method according to claim 8. wherein the first and 
second parameter are combined to result in at combined 
parameter wherein the presence of a concentration of the 
1S combined parameter above a predetermined discrimination 

value is an indication that the individual has a high 
likelihood of having a either having a cancer or having 
a progress in a cancer. 

20 10. A method according to- claim 9. wherein the 
discrimination value is determined by determining the 
combined parameter in the least one excreta in both a 
healthy control population and a population with known 
colorectal cancer. thereby determining the 

25 discriminating value which identifies the cancer 

population with a predetermined specificity or a 
predetermined sensitivity. 

11. A method according to claim 9 or 10. wherein the 
combinations of the first and second parameter is 
performed by logistic regression analysis. 



30 



12 A method according to claim 8-11 wherein the at least 
one second parameter is the concentration of Carcino 
35 Embryonic Antigen (CEA) . 
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13. A method according to any of the preceding claims, 
wherein the concentration determinations is performed by 
means of an immunoassay or an active assay. 

14. a method according to any of the preceding clai*»s, 
wherein the immunoassay is an BLISA. 

15. A method according to any of the preceding claims, 
wherein the active assay is zymography . 

16. Use of a method according to claim 1-15. for detection 
of early stage cancer. 

17. use according to claim 16. for detection of early stage 
colorectal cancer. 

. 18. use according to claim 16. for detection of metastatic 
breast cancer.- 

. 19.. use of a method according to claim 1-15. for monitoring 
the response to cancer treatment. 

20. Use of a method according to claim 1-15. for monitoring 
the recurrence of a cancer. 

21. A dipstick for performing the method according to claim 
1-15, wherein said dipsticJc comprises a first colour 
indication zone, comprising antibodies specific for 
TIMP-1 • 

22 A dipstick according to claim 21, wherein the first zone 
further comprises at least one reagent which can give an 
optically visible colour change in the zone dependent on 
the concentration of TIMP-1 in at least one excreta. 
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23. A dipstick according tc claim 21 or 22. herein the 
dipstick further comprises a second colour indication 
zone, able to react with at least one substance normally 
present in the excreta, and thereby providing an 
optically visible colour change in the zone for 
controlling that the stick is used pxoperly. 

24 A dipstick according to claim 21-23. wherein said 
* dipstick further comprises a third colour indication 

zone, comprising antibodies specific for CEA. 

25 A dipstick according to claim 21-24. wherein the first 
zone further comprises at least one reagent which can 
give an optically visible colour change in the zone 
dependent on the concentration of CEA in at least one 
excreta • 
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A method for detecting ana/or monitoring a cancer In an 
individual 

Abstract 

5 

The invention relates to a method for detecting and/or 
monitoring a cancer in an individual $ said method comprising 
determining a first parameter represented by the concentration 
of TZMP-1 in at least one excreta from the individual. The 
10 invention provides a method that without the need to use a' 
blood sample is suitable to facilitate the early diagnosis of a 
cancer, monitoring the recurrence of a cancer, monitoring the 
status of a cancer or the effect of cancer treatment in an 
individual . 
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Measurement 



of TIMP-1 concentrations in a saliva pool 
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Poo!01 of Sputum from healthy donors 



Figure 2. 
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Measurement of TMF-1 concentration In different 
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